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(57) ABSTRACT

A pixel driver includes an input unit, a power-switching unit,
a voltage-dividing unit, a pixel-driving unit and a shorting
unit. The input unit outputs a data voltage according to a first
scan signal and a data signal. The power-switching unit out-
puts a first power voltage according to a first power voltage
and a power-controlling signal. The voltage-dividing unit
adjusts a control voltage according to a second scan signal.
The pixel-driving unit includes a control terminal, a first
terminal and a second terminal. The pixel-driving unit pro-
vides a driving current to an LED according to the voltage
difference between the control terminal and the second ter-
minal. The shorting unit connects the control terminal to the
first terminal according to the first scan signal.

20 Claims, 9 Drawing Sheets

S22 OVDD

4223

Data[n]

XSc[n]



U.S. Patent Apr. 26,2016 Sheet 1 of 9 US 9,324,271 B2

e

OVDD
OVSS
Fig. 1 (PRIOR ART)

SCAN
Data - [ 1 T I [:



US 9,324,271 B2

Sheet 2 of 9

Apr. 26,2016

U.S. Patent

1743 1143 143 Ve wﬁm
o— 1oXIJ \W\ o 1XId hum e Fu PxId
MTS £4 m P S :
| SSAO :
| / vece | \/_/\
_ | ”:+&§m S[NPON I9ys1301 Yrgs—IDX
.o . o1 L., [RSXITOBUOD iy oq |W(I-+ND SULL 30
- . - [1+u]os /\/
_ [ulereq WARA X | | A~ 7z ! o -
quﬁ m FQ m [ [ulwd |empo mwsiSar | yDX
| ¢ L [UOSX|101u0D [ 0 futus N OULL 3pp
- . [u]os
©oe X L., e PXid coe @ IoXH |
o Nomm /omm / /\WM yt
I'IS “ mﬁ m\ mﬁ m\ mﬁ | @MM
] e il f- + . [1-UINE |empoy 10181821 PIys|—IDX
[1-u]ogX|1onuo) | . _ WI-N) YL
W1da eee NIa eoe 11a ax ven % /\/: u]og q A\/_Z,“.\ D)
: 0t



US 9,324,271 B2

Sheet 3 of 9

Apr. 26,2016

U.S. Patent

[ulng

[ufosx

[ulos

19¢

U 3O




U.S. Patent Apr. 26,2016 Sheet 4 of 9 US 9,324,271 B2

--VDD

>
te

— e e S
l 8 N
o — e 2
B
_____ - N R, A

Sc[n]
XSc[n]
CK h
EM[n]



US 9,324,271 B2

Sheet 5 of 9

Apr. 26,2016

U.S. Patent

| X447

.

®
[uJeyed —» 3 ndug | EPA e

SSAO

ﬂ

PI

¢ 31

1447

[ulosx

!

U
SuIp1AIp-08eI[0A

|

[ulos

{447 I\I

/ X444

(4444 l\l

U k
nup Suiaup-pxig ¥
PA
d
) { yun-Supoys (€ [ujog
dA //
jun p u
Suryonms-1omod [uIna cTy
adaAo

T



US 9,324,271 B2

Sheet 6 of 9

Apr. 26,2016

U.S. Patent

Vi S1] SSAO [uosx
I\ vz SRR A Zidi
T 5o B |
a@/ ! [ _TI€L !
TiL | BIEPA H PI ! |Q~Nm& !
w10 L —— T "
L N ] N : | —~—TTEL
! CIL! R | R R —
R N4 A RN | /
_ mOHA “ / o _
_ v €TTh
ulo IRl WA [ adao
[u]og " \/m—l €L _ "Nm,H |
H ............... Ao B | < [u]os
veey . " fmﬁ |
PN _ _
tan ] Il
f AN I 3 f
_ Nour < u sTTh
e ) = " [u]INAg
(424 2SN R X4 3

TT$S



US 9,324,271 B2

Sheet 7 of 9

Apr. 26,2016

U.S. Patent

TOA - - -

HDA

[u]ereq

[uJosx

[ulos

[u]NA




US 9,324,271 B2

Sheet 8 of 9

Apr. 26,2016

U.S. Patent

A€ 0+ UOTRIAS( 38BJ[OA PIOYSIYL ~F—

A€ 0~ UOTJRIAJ(] 938O A PIOYSAIYL—©—

¢ 31

(A) 28ey[0A BIR(Q

00

,01X0'}

,01X0°Z

,0IX0°E

a3ej0A proysemy &

(V) yuerm) SurALI(q



US 9,324,271 B2

Sheet 9 of 9

Apr. 26,2016

U.S. Patent

DA

0d

[u]lerea

[ulosx

[u]os

[ulnNg

V9 314

SSAO

(445




US 9,324,271 B2

1
PIXEL DRIVER

RELATED APPLICATIONS

This application claims priority to Taiwan Application
Serial Number 102120947, filed Jun. 13, 2013, which is
herein incorporated by reference.

BACKGROUND

1. Field of Disclosure

The present disclosure relates to a display panel. More
particularly, the present disclosure relates to a display panel
with pixel drivers.

2. Description of Related Art

With the vigorous development of display technology, flat
panel displays have been widely applied in daily life. In the
flat panel displays, active Matrix Organic Light-Emitting
Diode (AMOLED) display is very popular for its perfor-
mances of high image quality, high contrast, and high reaction
speed.

FIG. 1 is a schematic diagram of a conventional pixel-
driving circuit. Power voltages OVDD and OVSS are applied
to a pixel-driving circuit 10 for providing a driving current
passing through the pixel-driving circuit 10. A scan signal
SCAN is utilized to drive the pixel-driving circuit 10 accord-
ing to a data voltage Data. The pixel-driving circuit 10 is a
conventional structure with only two transistors and only one
capacitor (known as 2T1C structure). To be more specific, a
gate terminal of one transistor is directly connected with the
scan line (marked as SCAN in FIG. 1) and a drain terminal of
one transistor is directly connected with the data line (marked
as Data in FIG. 1). On the other hand, a gate terminal of the
other transistor is directly connected with the source terminal
of'the first transistor and an electrical terminal of the capaci-
tor. A drain terminal of the other transistor is directly con-
nected with the power line (marked as OVDD in FIG. 1) and
the other electrical terminal of the capacitor. A source termi-
nal of the other transistor is directly connected with an elec-
trical terminal of the LED. The other electrical terminal of the
LED is directly connected with the ground wire (marked as
OVSS in FIG. 1). However, the operational characteristics of
different pixels within the same panel will not be identical due
to the variations in manufacturing process. Therefore, when
identical data voltages Data are provided to the pixels, driving
currents of different pixels may still be inconsistent, and it
causes non-uniform brightness on the AMOLED display
panel. In addition, voltage drop characteristics (known as IR
drop) related to different pixels can be inconsistent. The
inconsistent voltage drops of different pixels cause the non-
uniform brightness on different areas over the AMOLED
display panel as well as impact the image quality.

In order to solve aforesaid problems, such as the non-
uniform brightness on the display panel induced by the incon-
sistent threshold voltages of the driving transistors of the
pixels, a conventional driving circuit requires individual con-
trol circuits (including scan-driving circuits and timing con-
trollers) for generating individual scan signals, individual
light-emitting signals and individual resetting signals, which
are suitable for those driving transistors with inconsistent
threshold voltages. In the conventional solution, individual
shift registers, buffers, power sources and clock signal wir-
ings are required to generate those signals, such that large
layout space will be occupied by these additional components
and it is against a goal to narrow down a frame-width on a
display panel.
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Therefore, it is one of the most important topics to balance
the brightness of pixels over the display panel and reduce the
area required for the entire circuit layout.

SUMMARY

In order to solve the problems mentioned above, the dis-
closure provides a pixel driver, which is configured for driv-
ing an LED. The pixel driver includes input unit, a power-
switching unit, a voltage-dividing unit, a pixel-driving unit,
and a shorting unit. The input unit is configured for outputting
adata voltage according to a first scan signal and a data signal.
The power-switching unit is configured for outputting the first
power voltage according to a first power voltage and a power-
controlling signal. The voltage-dividing unit is configured for
adjusting a control voltage according to a second scan signal.
The pixel-driving unit includes a control terminal, a first
terminal, and a second terminal. The pixel-driving unit is
configured for providing a driving current to the LED accord-
ing to the voltage difference between the control terminal and
the second terminal. The shorting unit is configured for con-
necting the control terminal and the first terminal according to
the first scan signal.

One embodiment of the present disclosure provides a dis-
play panel, which includes a plurality of pixels and a plurality
of shift registers. Each of the pixels includes a LED and the
aforementioned pixel driver, and a corresponding one of the
shift registers is configured for generating the first scan sig-
nal.

Another embodiment of the present disclosure provides a
driving method of pixel drivers, which includes the following
steps: providing the aforementioned pixel driver; during a
resetting period, the shorting unit connecting the control ter-
minal and the first terminal according to the first scan signal
s0 as to reset the control voltage with the first power voltage;
during a charging period after the resetting period, the power
switch unit stopping outputting the first power voltage, and
the shorting unit connecting the control terminal and the first
terminal according to the first scan signal, such that the pixel-
driving unit performing voltage compensation; and during a
light-emitting period after the charging period, the power
switch unit outputting the first power voltage according to the
first power voltage and the power controlling signal, and the
voltage-dividing unit adjusting the control voltage according
to the second scan signal, such that the pixel-driving unit
providing a driving current to the LED according to the volt-
age difference between the control terminal and the second
terminal.

It is to be understood that both the foregoing general
description and the following detailed description are by
examples, and are intended to provide further explanation of
the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure can be more fully understood by reading the
following detailed description of the embodiment, with ref-
erence made to the accompanying drawings as follows:

FIG. 1 is a schematic diagram of ordinary pixel-driving
circuits;

FIG. 2A is a schematic diagram of the display panel in
accordance with one embodiment of the present disclosure;

FIG. 2B is a schematic diagram of the circuit of the control
module in the display panel illustrated in FIG. 2A;

FIG. 2C is a schematic diagram of the timings of the
operation signals in the control module illustrated in FIG. 2B;
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FIG. 3 is a schematic diagram of the circuit of the pixel
driver in accordance with one embodiment of the present
disclosure;

FIG. 4A is a schematic diagram of the circuit of the pixel
driver in accordance with one embodiment of the present
disclosure;

FIG. 4B is a schematic diagram of the timings of the
operation signals in accordance with one embodiment of the
present disclosure;

FIG. 5 is a schematic diagram of the curve of the driving
current versus the data voltage illustrated in FIG. 4A;

FIG. 6A is a schematic diagram of the pixel driver in
accordance with another embodiment of the present disclo-
sure; and

FIG. 6B is a schematic diagram of the timings of the
operation signals in accordance with another embodiment of
the present disclosure.

DETAILED DESCRIPTION

Reference will now be made in detail to the present
embodiments of the disclosure, examples of which are illus-
trated in the accompanying drawings. Wherever possible, the
same reference numbers are used in the drawings and the
description to refer to the same or like parts.

FIG. 2A is a schematic diagram of the display panel 30 in
accordance with one embodiment of the present disclosure.
FIG. 2B is a schematic diagram of the circuit of the control
module 36 in the display panel 30 illustrated in FIG. 2A. FIG.
2C is a schematic diagram of the timings of the operation
signals in the control module 36 illustrated in FIG. 2B.

As illustrated in FIG. 2A, the display panel 30 includes
multiple data lines DL1-DLM, multiple scan lines SL.1-SLW,
multiple pixels 320, and multiple cascaded shift registers 34.
The multiple pixels 320 constitute a display matrix 32,
wherein every pixel 320 is electrically connected to a corre-
sponding data line (one of the data lines DLL1-DLM) and a
corresponding scan line (one of the scan lines SL1-SLW).
Every pixel 320 includes a pixel driver 322 and a LED 324.
The shift registers 34 provide scan signals for corresponding
scan lines, wherein two of the input terminals of every shift
register receive clock signals CK and XCK respectively, and
the phase of the waveform of the clock signal XCK and the
phase of the waveform of the clock signal CK are reverse.

Regarding to the shift register 34 disposed on the nth line,
the shift register 34 provides a scan signal Sc[n]| for the
corresponding scan line SLN. In this embodiment, the display
panel 30 further includes control modules 36, which are
coupled between the shift register 34 of every line and a
corresponding group of scan lines. Taking the nth line for
example, the control module 36 is configured for generating
another reverse scan signal XSc[n] and the power controlling
signal EM[n] according to the scan signal Sc[n] provided by
the shift register 34, and transmitting the scan signal Sc[n],
the scan signal XSc[n] and the power controlling signal
EM][n] together to the corresponding scan line SLN (where in
this example, every group of scan lines SLN could include
three physical lines).

The pixel driver 322 is electrically connected to the data
line DLN and the scan line SLN. The data line DLN and the
scan line SLN provide the data signal Data[n] and the scan
signal Sc[n] for the pixel driver 322 respectively. The pixel
driver 322 is configured for driving the LED 324 according to
the data signal Data[n] and the scan signal Sc[n].

As the embodiment illustrated in FIG. 2B, the control
module 36 could include an inverter 361 and a power-con-
trolling signal generator 362. The inverter 361 is configured
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for generating the reverse scan signal XSc[n] according to the
scan signal Sc[n]. The power-controlling signal generator
362 generates the power-controlling signal EM[n] according
to the two scan signal Sc[n] and XSc[n] and the clock signal
CK_h. Please refer to FIG. 2C for the relative relationships of
the scan signals Sc[n], XSc[n], the clock signal CK_h, and the
power-controlling signal EM[n].

In the display panel illustrated in this embodiment, the two
scan signals received by the pixel driver 322 should have
synchronous waveforms and reverse phases. In implementa-
tions, the scan signal XSc[n] could be provided by the inverter
361 of the control module 36 in FIG. 2B, and the inverter 361
could be realized by the cascade of a p-type transistor and a
n-type transistor, but it is not limited herein.

It has to be explained here that the scan signal Sc[n] may
have to pass through a butter when it is outputted from the Nth
shift register 34 (not depicted,) and the buffer could be a
cascade of multiple inverters in practical implementations,
where the inverter 361 could be realized by one of the invert-
ers in the buffer outputting the scan signal Sc[n] and hence it
is not needed to dispose an additional inverter in the control
module 36 to produce the scan signal XSc[n].

As illustrated in FIG. 2B, in one embodiment, the power-
controlling signal generator 362 includes two switch units
363 and 364. The switch unit 363 conducts the clock signal
CK_hto adjust the power controlling signal EM[n] according
to scan signal SC[n]. The switch unit 364 is configured for
conducting the constant voltage VDD to adjust the power-
controlling signal EM[n] according to the scan signal XSc[n].
The two switch units 363 and 364 are electrically connected,
and the node connecting them outputs the power-controlling
signal EM[n].

For operations, please refer to FIG. 2B and FIG. 2C. As
illustrated in FIG. 2B, the scan signal Sc[n] keeps ahigh level,
while the scan signal XSc[n] keeps a low level, therefore the
switch unit 363 is on and the switch unit 364 is oft during the
resetting period tr and the charging period ts. Hence, during
the resetting period tr and the charging period ts, the switch
unit 363 conducts and transmits the clock signal CK_h such
that the waveform of the power-controlling signal EM[n] and
the waveform of the clock signal CK_h are the same during
the resetting period tr and the charging period ts. However,
during the light-emitting period te, Sc[n] switches to a low
level, while XSc[n] switches to a high level, therefore, the
switch unit 363 is off and the switch unit 364 is on during the
light-emitting period te. Hence, during the light-emitting
period te, the switch unit 364 conducts and transmits constant
voltage VDD such that the waveform level of the power-
controlling signal EM[n] is constant during the light-emitting
period te.

FIG. 3 is a schematic diagram of the circuit of the pixel
driver 422 in accordance with one embodiment of the present
disclosure, wherein the pixel driver 422 could be applied in
the pixel driver 322 of FIG. 2A, or used as the drivers of other
similar light-emitting elements. The pixel driver 422 is con-
figured for driving the LED 424. The pixel driver 422 includes
an input unit 4221, a power switch unit 4222, a voltage-
dividing unit 4223, a pixel-driving unit 4224, and a shorting
unit 4225.

The input unit 4221 outputs a data voltage Vdata according
to the scan signal Sc[n] and the data signal Data[n]. The
powers switch unit 4222 is configured for outputting a power
voltage Vp according to the power voltage OVDD and the
power-controlling signal EM|[n]. The voltage-dividing unit
4223 is configured for adjusting a control voltage Vctl
according to the scan signal XSc[n]. The pixel driving unit
4224 includes a terminal A, a first terminal B, and a second
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terminal C. The pixel driving unit 4224 is configured for
providing a driving current Id for the LED 424 according to
the voltage difference between the control terminal A and the
second terminal C. The first terminal B is configured for
receiving the power voltage Vp. The second terminal C con-
nected with the LED 424 is configured for receiving the data
voltage Vdata[n] and outputting the driving current Id to the
LED 424. The shorting unit 4225 is configured for connecting
the control terminal A and the first terminal B according to the
scan signal Sc[n]. For example, the first terminal B of the
pixel-driving unit 4224 is connected with one terminal of the
power switch unit 4222 and one terminal of the shorting unit
4225. The control terminal A of the pixel-driving unit 4224 is
connected with another terminal of the shorting unit 4225 and
one terminal of the voltage-dividing unit 4223. The second
terminal C of the pixel-driving unit 4224 is connected with
one terminal of the input unit 4221 and one electrode of the
LED 424. Among which, the other two terminals of the power
switch unit 4222 are connected with the power voltage
OVDD and the power controlling signal EM[n] respectively,
the third terminal of the shorting unit 4225 is connected with
the scan signal Sc[n], the other terminal of the voltage-divid-
ing unit is connected with the connection signal XSc[n], the
other two terminals of the input unit 4221 are connected with
the scan signal Sc[n] and the data signal Data[n] respectively,
and the other electrode of the LED is connected with the
power voltage OVSS, where the power voltage OVDD is
different from the power voltage OVSS.

Moreover, the pixel-driving unit 4224 is further configured
for adding the threshold voltage and the data voltage Vdata[n]
and saving it in the control voltage Vctl to be used in pixel-
compensating operations. For example, the threshold voltage
mentioned above is the threshold voltage of a transistor,
which has a value of Vth, then the pixel-driving unit 4224
adds the threshold voltage Vth of the transistor and the data
voltage Vdata[n] and save it in the control voltage Vctl such
that the level of the control voltage Vctl is equal to (Vth+
Vdata[n]).

For operations, in one embodiment, during the resetting
period (for example, the resetting period tr illustrated in FIG.
4B,) the shorting unit 4225 connects the control terminal A
and the first terminal B according to the scan signal Sc[n] to
reset the control voltage Vctl by using the power voltage Vp.

During the charging period after the resetting period men-
tioned above (for example, the charging period is illustrated
in FIG. 4B,) the power switch unit 4222 stops outputting the
power voltage Vp, the input unit 4221 outputs the data voltage
Vdata[n] to the second terminal C, and the shorting unit 4225
connects the control terminal A and the first terminal B
according to the scan signal Sc[n] such that the pixel-driving
unit 4224 adds the threshold voltage (for example, the thresh-
old voltage of a transistor) and the data voltage Vdata[n| and
saves it in the control voltage Vctl to be used in pixel-com-
pensating operations.

During the light-emitting period after the charging period
mentioned above (for example, the light-emitting period to
illustrated in FIG. 4B,) the power switch unit 4222 outputs the
power voltage Vp according to the power voltage OVDD and
the power-controlling signal EM[n], and the voltage-dividing
unit 4223 adjusts the control voltage Vctl according to the
scan signal XSc[n], such that the pixel-driving unit 4224
provides the driving current Id for the LED 424 according to
the voltage difference between the terminal A and the second
terminal C such that the LED 424 emits light during the
light-emitting period mentioned above.

To explain the elements of the pixel driver specifically, take
FIG. 4A for example, wherein FIG. 4A is a schematic dia-

5

10

20

25

30

35

40

45

50

55

60

65

6

gram of the circuit of the pixel driver in accordance with one
embodiment of the present disclosure, and the pixel driver
522 illustrated in FIG. 4A could be applied in the pixel driver
322 of FIG. 2A, but it is not limited herein. The pixel driver
522 could also be applied in the drivers of other similar
light-emitting elements. Comparing with FIG. 3, the input
unit 4221 includes a transistor Q1, and the transistor Q1
includes a gate terminal T13, a first terminal T11, and a
second terminal T12. The gate terminal T13 is configured for
receiving the scan signal Sc[n]. The first terminal T11 is
configured for receiving the data signal Data[n]. The second
terminal T12 is connected with the second terminal C of the
pixel-driving unit 4224 at a node Ns to transmit the data
voltage Vdata to the pixel-driving unit 4224 when the tran-
sistor Q1 is conducted.

As the embodiment illustrated in FIG. 4A, the power
switch unit 4222 could include a transistor Q2, and the tran-
sistor Q2 includes a gate terminal T23, a first terminal T21,
and a second terminal T22. The gate terminal T23 is config-
ured for receiving the power-controlling signal EM[n]. The
first terminal T21 is configured for receiving the power volt-
age OVDD. The second terminal T22 is connected with the
first terminal B of the pixel-driving unit 4224 at a node Nd to
transmit the power voltage Vp to the pixel-driving unit 4224
when the transistor Q2 is conducted.

As the embodiment illustrated in FIG. 4A, the shorting unit
4225 could include a transistor Q4, and the transistor Q4
includes a gate terminal T53, a first terminal T51, and a
second terminal T52. The gate terminal T53 is configured for
receiving the scan signal Sc[n]. The first terminal T51 is
connected with the node Nd, i.e., the first terminal T51 is
connected with the first terminal B of the pixel-driving unit
4224 and the second terminal T22 ofthe power-switching unit
4222, and the second terminal T52 and the control terminal A
of the pixel-driving unit 4224 are both connected to the con-
trol voltage Vctl, i.e., anode, to connect the first terminal B of
the pixel-driving unit 4224 and the control terminal A when
the transistor Q4 is conducted.

As the embodiment illustrated in FIG. 4A, the pixel-driv-
ing unit 4224 could include a transistor Q3, and the transistor
Q3 includes a gate terminal T43, a first terminal T41, and a
second terminal T42. The gate terminal T43 is connected with
the control terminal A of the pixel-driving unit 4224. The first
terminal T41 is connected with the first terminal B of the
pixel-driving unit 4224. The second terminal T42 is con-
nected with the second terminal C of the pixel-driving unit
4224. In this embodiment, the LED 424 has two terminals (for
example, two electrodes,) wherein one terminal (one elec-
trode) is connected with the node Ns, i.e., one terminal
receives the data voltage Vdata and is electrically connected
with the transistor Q3, while the other terminal (the other
electrode) receives the power voltage OVSS.

As the embodiment illustrated in FIG. 4A, the voltage-
dividing unit 4223 could include a capacitor C51, and the
capacitor C51 includes a first terminal T311 and a second
terminal T312. The first terminal T311 is electrically con-
nected with the control terminal A of the pixel-driving unit
4224, i.e., the first terminal T311 is connected to the control
voltage Vctl (node). The second terminal T312 is configured
for receiving the scan signal XSc[n], such that the scan signal
XSc[n] is coupled through the capacitor C51, and such that
the voltage-dividing unit 4223 adjusts the control voltage
Vetl according to the scan signal XSc[n]. In another embodi-
ment, the voltage-dividing unit 4223 further includes a
capacitor C52. The capacitor C52 includes a first terminal
T321 and a second terminal T322. The first terminal T321 of
the capacitor C52 is connected with the first terminal T311 of
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the capacitor C51 and the first terminal T321 of the capacitor
(52 and the first terminal T311 of the capacitor C51 are both
connected to the control voltage Vctl (node,) and the second
terminal T322 is configured for receiving the power voltage
OVDD.

To explain more explicitly the coupling of the scan signal
XSc[n] through the capacitor C51, the scan signal XSc[n] is
coupled to the control voltage Vctl according to the capaci-
tance ratio of the capacitor C51 and the capacitor C52, for
example, the capacitor C51 has a capacitance Capl, and the
capacitor C52 has a capacitance Cap2, then when the scan
signal XSc[n] switches from a low level VGL to a high level
VGH, the voltage-dividing unit 4223 couple the level differ-
ence (VGH-VGL) of the scan signal XSc[n] to the level of the
control voltage Vctl with a ratio of

Capl
Capl + Cap2’

The followings explain the operations of the pixel driver
illustrated in the present disclosure with FIG. 4A and FIG.
4B, wherein FIG. 4B is a schematic diagram of the timings of
the operation signals in accordance with one embodiment of
the present disclosure. In one embodiment, as illustrated in
FIG. 4B, during the resetting period tr, a scan signal Sc[n]
with a high level voltage is provided for the input unit 4221
and the shorting unit 4225, and a power-controlling signal
EM][n] with a high level voltage is provided for the power-
switching unit 4222, such that the shorting unit 4225 resets
the control voltage Vctl by using the power voltage Vp.

To be more specific, during the resetting period tr illus-
trated in FIG. 4B, the transistor Q1 conducts and resets the
voltage level of the node Ns as Vdata, while the transistor Q4
conducts and connects the control voltage Vetl and the node
Nd, wherein the voltage level of the node Nd is the power
voltage Vp, and the power voltage Vp is provided by conduct-
ing the transistor Q2 and transmitting the power voltage
OVDD. The voltage difference between the data voltage
Vdata and the power voltage OVSS is set to be smaller than
the threshold voltage of the LED 424 (for example, the volt-
age difference between the data voltage Vdata and the power
voltage OVSS is around -1 to 2.5 volts, while the threshold
voltage of the LED 424 is 2.5 volts,) such that the LED 424 is
not driven to emit light during the resetting period tr.

Then during the charging period is after the resetting period
tr, the power-controlling signal EM[n] is switched from a
high level voltage to a low level voltage to stop outputting the
power voltage Vp such that the pixel-driving unit 4224 per-
forms voltage compensation, and the scan signal XSc[n] with
a voltage level of VGL is provided for the voltage-dividing
unit 4223.

To be more specific, during the charging period ts illus-
trated in FIG. 4B, the transistor Q2 is turned off such that the
voltage level of the node Nd and the voltage level of the
control voltage Vctl are not clamped at the power voltage Vp,
and since the first terminal T41 and the gate terminal T43 of
the transistor Q3 are connected (the node Nd and the control
voltage Vctl are connected, ) the transistor Q3 is operated like
a diode. Afterward, the transistor Q3 charges the voltage
difference between the control voltage Vctl and the node Ns
to the threshold voltage, Vth, of the transistor Q3. Since the
transistor Q1 is still on, the voltage level of the node Ns is
clamped at the data voltage Vdata, such that the voltage level
of the control voltage Vctl is charged to the level (Vdata+
Vth) to finish the pixel compensation operation. Moreover,
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the capacitor C51 and the capacitor C52 are charged accord-
ing to the voltage level VGL of the scan signal XSc[n].

Then during the light-emitting period to after the charging
period ts, the power-controlling signal EM][n] is switched
from a low voltage level to a high voltage level to output the
power voltage Vp, the scan signal Sc[n] is switched from a
high voltage level to a low voltage to stop outputting the data
voltage Vdata and disable the shorting operation of the short-
ing unit 4225, and the scan signal XSc[n] is switched from the
voltage level VGL to the voltage level VGH to adjust the
control voltage Vctl and to drive the LED 424.

To be more specific, during the light-emitting period te
illustrated in FIG. 4B, the transistor Q4 is turned off, such that
the control voltage Vct1 is directly controlled by the voltage-
dividing unit 4223 composed of the capacitor C51 and the
capacitor C52. The capacitor C51 and the capacitor C52 are
charged according to the voltage transition of the scan signal
XSc[n] and the voltage level difference of the scan signal
XSc[n] (VGH-VGL) is coupled to the voltage level of the
control voltage Vctl, such that the voltage level of the control
voltage Vctl is lifted from the voltage level (Vdata+Vth) to
the voltage level [ Vdata+Vth+ax (VGH-VGL)], wherein a is
the capacitance ratio:

Capl
a= Capl + Cap2’

unit: none.

During the light-emitting period te illustrated in FIG. 4B,
since the transistor Q1 is turned off, the voltage of the node Ns
is no longer clamped at the data voltage Vdata, such that the
voltage level of the node Ns is adjusted to the voltage level
(OVSS+Voled), wherein Voled is the voltage across the LED
424. Second, since the transistor Q2 conducts the power
voltage OVDD and transmits the power voltage Vp, the tran-
sistor Q3 outputs the driving current Id according to the lifted
control voltage Vct1 to drive the LED 424, wherein the driv-
ing current Id=k[Vdata+a(VGH-VGL)-OVSS-Voled]?, the
unit of Id is ampere (A), and k is the transistor constant, unit:
none.

From the above we know that the driving current provided
by the pixel driver illustrated in the present disclosure is
independent of the threshold voltage Vth of transistors, such
that the situation that the driving currents are inconsistent
could be avoided. As illustrated in FIG. 5, FIG. 5 is a sche-
matic diagram of the curve of the driving current Id versus the
data voltage Vdata illustrated in FIG. 4A. As illustrated in
FIG. 5, the threshold voltage Vth varies within a positive
deviation of around 0.3 volts and a negative deviation of
around 0.3 volts, where the variation curves of driving cur-
rents coincide. In other words, the driving current Id is inde-
pendent of the variation of the threshold voltage Vth.

Therefore, using the pixel driver illustrated in the present
disclosure could avoid the inconsistence of driving currents
induced by the difference between driving transistors, and
could also avoid the inconsistence of driving currents induced
by the difference between the voltage drops of power volt-
ages, such that the non-uniform brightness on the display
panel could be avoided.

The pixel driver 522 illustrated in FIG. 4A is composed of
N-type transistors, but is not limited herein. In other words,
the pixel driver illustrated in the present disclosure could also
be composed of P-type transistors. The transistor types illus-
trated in the above diagram could include bottom gate tran-
sistors, top gate transistors, or other proper types, and the
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semiconductor materials forming the transistors could
include oxide semiconductor materials, organic semiconduc-
tor materials, poly-silicon, amorphous silicon, single crystal
silicon, micro crystal silicon, nanocrystalline silicon, and
other proper materials. Take FIG. 6 A for example, FIG. 6A is
a schematic diagram of the pixel driver in accordance with
another embodiment of the present disclosure. As illustrated
in FIG. 6A, the pixel driver 722 includes transistors Qp1-Qp4
and capacitors C71 and C72, wherein the transistors Qpl-
Qp4 are P-type transistors. The gate terminal of the transistor
Qplis controlled by the scan signal Sc[k], another terminal of
the transistor Qpl receives the data signal Data[k], and the
other terminal is connected with one terminal of the LED 724
at the node Ns. The gate terminal of the transistor Qp2 is
controlled by the power-controlling signal EM[k], another
terminal of the transistor Qp2 receives the power voltage
OVSS, and the other terminal is connected with the node Nd.
The gate terminal of the transistor Qp3 receives the control
voltage Vctl, another terminal of the transistor Qp3 is con-
nected with the node Ns, and the other terminal is connected
with the node Nd. The gate terminal of the transistor Qp4 is
controlled by the scan signal Sc[k], another terminal of the
transistor Qp4 is electrically connected with the node Nd, and
the other terminal is connected with the control voltage Vetl.
One terminal of the capacitor C71 is controlled by the scan
signal XSc[k] and the other terminal is electrically connected
with the control voltage Vctl. One terminal of the capacitor
C72 receives the power voltage OVSS and is connected with
one terminal og the transistor Qp2, and the other terminal is
connected with the control voltage Vctl. For example, the
other terminal of the capacitor C72 is connected with the
other terminal of the capacitor C71, the other terminal of the
transistor Qp4, and the gate terminal of the transistor Qp3.

The pixel driver 722 illustrated in FIG. 6 A could be oper-
ated according to the operation signals illustrated in FIG. 6B,
wherein FIG. 6B is a schematic diagram of the timings of the
operation signals in accordance with another embodiment of
the present disclosure. The operation of the pixel driver 722
illustrated in FIG. 6 A is similar to the operations of the pixel
driver 522 illustrated in FIG. 4A and is not explained again
here. However, the control signal EM|n], the scan signal
Sc[n], and the phase of the waveform of XSc[n] illustrated in
FIG. 6B are opposite to the control signal EM[n], the scan
signal Sc[n], and the phase of the waveform of XSc[n] illus-
trated in FIG. 4B.

From the above embodiments, as illustrated in FIG. 2A and
FIG. 2B, a control module 36 is disposed between every shift
register 34 and its corresponding scan line SL.1-SLW. The
control module could be realized by a simple inverter 361 and
apower-controlling signal generator 362 (it could be realized
by just two transistor switches). As the control module 36
imposed between the Nth shift register 34 and its correspond-
ing scan line SLN illustrated in FIG. 2A, the inverter 361 can
convert one of the scan signals to another scan signal, and the
power-controlling signal generator 362 generates power-con-
trolling signal EM[n] for all the pixel drivers 322 on the nth
line. Therefore, it is not needed in this embodiment to impose
another shift register, another buffer (for providing the
reverse scan signal XSc[n]), and additional power and clock
signal lines (for providing the power-controlling signal
EM][n],) such that the space required for the entire circuit
layout could be reduced, and the frame of the display panel
which integrates the circuits could be designed in a narrower
size.

We know from the above that using the pixel driver illus-
trated in the present disclosure could avoid the inconsistence
of driving currents induced by the difference between driving
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transistors, and could also avoid the inconsistence of driving
currents induced by the difference between the voltage drops
of power voltages, such that the non-uniform brightness on
the display panel could be avoided.

Another embodiment of the present disclosure is about the
driving method of a pixel driver, wherein this driving method
could be applied in the pixel driver 422 illustrated in FIG. 3 or
the pixel driver 522 illustrated in FIG. 4A, but is not limited
herein. The driving method will be explained as follows refer-
ring to FIG. 3. The driving method includes the following
steps: providing a pixel driver 422, for example the one illus-
trated in FIG. 3; then in the resetting period (for example, the
resetting period tr as illustrated in FIG. 4B,) conducts the
power-switching unit to output the first power voltage to the
first terminal, and the shorting unit 4225 connects the control
terminal A and the first terminal B according to the scan signal
Sc[n] to reset the control voltage Vetl by using the power
voltage Vp; then during the charging period after the resetting
period mentioned above (for example, the charging period is
illustrated in FIG. 4B,) the power switch unit 4222 stops
outputting the power voltage Vp, the shorting unit 4225 con-
nects the control terminal A and the first terminal B according
to the scan signal Sc[n], and the input unit 4221 outputs the
data voltage Vdata to the second terminal C according to the
scan signal Sc[n], such that the pixel-driving unit 4224 per-
forms the voltage compensation; then during the light-emit-
ting period after the charging period mentioned above (for
example, the light-emitting period to illustrated in FIG. 4B,)
the power switch unit 4222 outputs the power voltage Vp
according to the power voltage OVDD and the power-con-
trolling signal EM[n], and the voltage-dividing unit 4223
adjusts the control voltage Vctl according to the scan signal
XSc[n], such that the pixel-driving unit 4224 provides the
driving current Id for the LED 424 according to the voltage
difference between the terminal A and the second terminal C.

In one embodiment, the voltage compensation operations
operated by the pixel-driving unit 4224 further include the
following steps: the pixel-driving unit 4224 adds the thresh-
old voltage (for example, the threshold voltage of the transis-
tor Q3 illustrated in FIG. 4A) and the data voltage Vdata and
save it in the control voltage Vetl.

As illustrated in FIG. 4B, in one embodiment, the driving
method during the resetting period tr further includes the
following steps: first, a scan signal Sc[n] with a high level
voltage is provided for the input unit 4221 and the shorting
unit 4225; then a power-controlling signal EM[n] with a high
level voltage is provided for the power-switching unit 4222,
such that the shorting unit 4225 resets the control voltage
Vetl by using the power voltage Vp.

As illustrated in FIG. 4B, in one embodiment, the driving
method during the charging period is further includes the
following steps: first, the power-controlling signal EM[n] is
switched from a high level voltage to a low level voltage to
stop outputting the power voltage Vp such that the pixel-
driving unit 4224 performs voltage compensation, and the
scan signal XSc[n] with a voltage level of VGL is provided for
the voltage-dividing unit 4223.

As illustrated in FIG. 4B, in one embodiment, the driving
method during the light-emitting period to further includes
the following steps: first, switch the power-controlling signal
EM[n] from a low voltage level to a high voltage level to
output the power voltage Vp; then switch the scan signal
Sc[n] from a high voltage level to a low voltage to stop
outputting the data voltage Vdata and disable the shorting
operation of the shorting unit 4225; then the scan signal
XSc[n] is switched from the voltage level VGL to the voltage
level VGH to adjust the control voltage Vctl and to drive the
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LED 424. The specific driving method of pixel drivers illus-
trated in the present disclosure could be operated as the
embodiments illustrated in FIG. 4A and FIG. 4B, and is not
explained again here.

We know from the above embodiments that using the driv-
ing method of pixel drivers illustrated in the present disclo-
sure could avoid the inconsistence of driving currents induced
by the difference between driving transistors by voltage com-
pensation operations, and could also avoid the inconsistence
of driving currents induced by the difference between the
voltage drops of power voltages, such that the non-uniform
brightness on the display panel could be avoided.

Above all, the advantage of using the pixel driver illus-
trated in the present disclosure is that the inconsistence of
driving currents induced by the difference between driving
transistors could be avoided, and the inconsistence of driving
currents induced by the difference between the voltage drops
of power voltages could also be avoided, such that the non-
uniform brightness on the display panel could be avoided.

Second, the display panel illustrated in the present disclo-
sure could generate one of the two scan signals by using a
simple inverter, and it is not needed to impose another shift
register, another buffer, and additional power and clock signal
lines, such that the space required for the entire circuit layout
could be reduced, and the frame of the display panel which
integrates the circuits could be designed in a narrower size.

Moreover, the display panel illustrated in the present dis-
closure could generate the power-controlling signal by using
two simple transistors, and it is not needed to impose another
shift register, another buffer, and additional power and clock
signal lines, such that the space required for the entire circuit
layout could be reduced, and the frame of the display panel
which integrates the circuits could be designed in a narrower
size.

Although the present disclosure has been described in con-
siderable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the spirit
and scope of the appended claims should not be limited to the
description of the embodiments contained herein.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present disclosure without departing from the scope or
spirit of the disclosure. In view of the foregoing, it is intended
that the present disclosure cover modifications and variations
of this disclosure provided they fall within the scope of the
following claims.

What is claimed is:

1. A pixel driver, applicable for driving a light-emitting
diode (LED), the pixel driver comprising:

an input unit configured for outputting a data voltage
according to a first scan signal and a data signal;

a power-switching unit configured for outputting the first
power voltage according to a first power voltage and a
power-controlling signal;

a voltage-dividing unit configured for adjusting a control
voltage according to a second scan signal;

a pixel-driving unit comprising:

a first terminal;

a second terminal; and

a control terminal configured for receiving the control
voltage, the pixel-driving unit being configured for
providing a driving current to the LED according to a
voltage difference between the control terminal and
the second terminal; and

a shorting unit configured for connecting the control ter-
minal and the first terminal according to the first scan
signal.
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2. The pixel driver of claim 1, wherein, during a resetting
period, the shorting unit connects the control terminal and the
first terminal according to the first scan signal so as to reset the
control voltage with the first power voltage.

3. The pixel driver of claim 2, wherein, during a charging
period after the resetting period, the power switch unit stops
outputting the first power voltage, the shorting unit connects
the control terminal and the first terminal according to the first
scan signal, and the input unit outputs the data voltage to the
second terminal according to the first scan signal.

4. The pixel driver of claim 3, wherein, during a light-
emitting period after the charging period, the power switch
unit outputs the first power voltage, and the voltage-dividing
unit adjusts the control voltage according to the second scan
signal, such that the pixel-driving unit provides the driving
current to the LED according to the voltage difference
between the control terminal and the second terminal.

5. The pixel driver of claim 1, wherein the LED has a third
terminal and a fourth terminal, the third terminal is configured
for receiving the data voltage, the fourth terminal is config-
ured for receiving a third power voltage, and a difference
between the data voltage and the third power voltage is
smaller than a threshold voltage of the LED.

6. The pixel driver of claim 1, wherein the input unit com-
prises a first transistor, and the first transistor comprises:

a gate terminal configured for receiving the first scan sig-

nal;

afirst terminal configured for receiving the data signal; and

a second terminal electrically connected to the second ter-

minal of the pixel-driving unit and configured for trans-
mitting the data voltage to the pixel-driving unit.

7. The pixel driver of claim 1, wherein the power-switching
unit comprises a second transistor, and the second transistor
comprises:

a gate terminal configured for receiving the power-control-

ling signal;

a first terminal configured for receiving the first power

signal; and

a second terminal electrically connected to the first termi-

nal of the pixel-driving unit and configured for transmit-
ting the first power voltage to the pixel-driving unit.

8. The pixel driver of claim 1, wherein the shorting unit
comprises a third transistor, and the third transistor compris-
ing:

a gate terminal configured for receiving the first scan sig-

nal;

afirst terminal electrically connected to the first terminal of

the pixel-driving unit; and

a second terminal electrically connected to the control

terminal of the pixel-driving unit.

9. The pixel driver of claim 1, wherein the pixel-driving
unit comprises a fourth transistor, and the fourth transistor
comprising:

a gate terminal electrically connected to the control termi-

nal of the pixel-driving unit;

afirst terminal electrically connected to the first terminal of

the pixel-driving unit; and

a second terminal electrically connected to the second ter-

minal of the pixel-driving unit.

10. The pixel driver of claim 1, wherein the voltage-divid-
ing unit comprises a first capacitor and a second capacitor,
and the first capacitor comprises:

a first terminal electrically connected to the control termi-

nal of the pixel-driving unit; and

a second terminal configured for receiving the second scan

signal, such that the second scan signal is coupled to the
first terminal of the first capacitor through the first
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capacitor, and further that the voltage-dividing unit
adjusts the control voltage according to the second scan
signal;

the second capacitor comprises:

afirstterminal electrically connected to the first terminal of
the first capacitor; and

a second terminal configured for receiving the first power
voltage;

wherein the second scan signal is coupled to the control
voltage according to a capacitance ratio between the first
capacitor and the second capacitor.

11. The pixel driver of claim 1, wherein the pixel-driving
unit is further configured for superposing a threshold voltage
on the data voltage and storing a superposed result as the
control voltage.

12. A display panel comprises:

a plurality of pixels, wherein each of the pixels comprise:

a LED; and
the pixel driver of claim 1; and

a plurality of shift registers, wherein a corresponding one
of'the shift registers is configured for generating the first
scan signal.

13. The display panel of claim 12, wherein the phase of the
waveform of'the first scan signal is opposite to the phase of the
waveform of the second scan signal.

14. The display panel of claim 13 further comprises:

apower controlling signal generator configured for adjust-
ing the power controlling signal according to the first
scan signal and the second scan signal.

15. The display panel of claim 14, wherein the power
controlling signal generator further comprises:

a first switch unit configured for conducting a clock signal
according to the first scan signal to adjust the power
controlling signal; and

a second switch unit configured for conducting a constant
voltage according to the second scan signal to adjust the
power controlling signal.

16. A driving method of pixel drivers comprises:

providing the pixel driver of claim 1;

during a resetting period, the shorting unit connecting the
control terminal and the first terminal according to the
first scan signal so as to reset the control voltage with the
first power voltage;

during a charging period after the resetting period, the
power switch unit stopping outputting the first power
voltage, and the shorting unit connecting the control
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terminal and the first terminal according to the first scan
signal, such that the pixel-driving unit performing volt-
age compensation; and
during a light-emitting period after the charging period, the
power switch unit outputting the first power voltage
according to the first power voltage and the power con-
trolling signal, and the voltage-dividing unit adjusting
the control voltage according to the second scan signal,
such that the pixel-driving unit providing a driving cur-
rent to the LED according to the voltage difference
between the control terminal and the second terminal.
17. The driving method of claim 16, wherein the pixel-
driving unit performing voltage compensation further com-
prises:
superposing a threshold voltage on the data voltage and
storing a superposed result as the control voltage by the
pixel-driving unit.
18. The driving method of claim 16, wherein during the
resetting period, the driving method further comprises:
providing the first scan signal having a first voltage level to
the input unit and the shorting unit; and
providing the power controlling signal having the first volt-
age level to the power switch unit to reset the control
voltage with the first power voltage.
19. The driving method of claim 18, wherein during the
charging period, the driving method further comprises:
switching the power controlling signal from the first volt-
age level to a second voltage level to stop outputting the
first power voltage, the input unit outputting the data
voltage to the second terminal according to the first scan
signal, such that the pixel-driving unit performing volt-
age compensation; and
providing the second scan signal having the second voltage
level to the voltage-dividing unit.
20. The driving method of claim 19, wherein during the
light-emitting period, the driving method further comprises:
switching the power controlling signal from the second
voltage level to the first voltage level to output the first
power voltage;
switching the first scan signal from the first voltage level to
the second voltage level to stop outputting the data volt-
age and disable the shorting operation of the shorting
unit; and
switching the second scan signal from the second voltage
level to the first voltage level to adjust the control voltage
so as to drive the LED.
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